In Brief 
The Role of Statins in Diabetes Treatment
Diabetes is a leading public health concern. More than 8% of the U.S. population has diabetes, with the incidence and prevalence expected to increase during the next several years.
1,2 Of particular concern is the increased risk of developing incident coronary heart disease (CHD) and the increased risk of cardiac death. 3 In fact, two out of three adults with diabetes who are > 65 years of age die as a result of CHD, and this risk increases steeply with the addition of other risk factors. 4, 5 Based on observations that patients with type 2 diabetes and no history of myocardial infarction (MI) have the same risk of MI and CHD mortality as patients without diabetes with a prior MI, 6 current guidelines consider diabetes a CHD risk equivalent, thereby elevating it to the highest risk group in terms of predicted 10-year event rates. 7, 8 Although most long-term observation studies have consisted of patients with type 2 diabetes, a similar increased risk of cardiovascular disease (CVD) has been shown among patients with type 1 diabetes.
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Guidelines for Statin Therapy in Diabetes
The classification of diabetes as a CHD risk equivalent has had implications for CVD prevention strategies.
Joint American Heart Association and American Diabetes Association (ADA) guidelines 10 recommend adding a statin to lifestyle changes regardless of baseline lipid levels in patients with diabetes who are > 40 years of age and have one or more traditional risk factors. For patients < 40 years of age who have multiple CVD risk factors, guidelines suggest consideration of a statin in addition to lifestyle therapy if LDL cholesterol remains > 100 mg/dl. If treated patients do not reach the above targets on maximal tolerated statin therapy, a reduction in LDL cholesterol of 30-40% from baseline is an alternative therapeutic target. For adults with diabetes who have overt CVD, there are uniform recommendations for targeting an LDL cholesterol of < 100 mg/dl with an optional goal of < 70 mg/dl using higher-potency statins.
10,11
Heterogeneity of CVD Risk Although people with diabetes have an increased CVD risk, not all individuals with diabetes carry an identical increased risk. The highest-risk group includes those with prior ischemic events, followed by those with stable atherosclerosis and those with diabetes and multiple risk factors without identifiable CVD. Tailoring therapy based on individual risk, rather than followDiabetes is considered a risk equivalent for coronary heart disease (CHD). The use of statins for primary and secondary prevention in patients with diabetes is well established and supported by robust data from randomized, controlled trials and national guidelines. The American Diabetes Association recommends that individuals with diabetes and a history of cardiovascular disease (CVD), as well as those > 40 years of age without CVD but with CVD risk factors, should be treated with a statin regardless of their baseline LDL cholesterol concentration. This review explains the rationale behind considering diabetes a CHD risk equivalent and summarizes the data for statin use in adults with diabetes without (primary prevention) and with (secondary prevention) established CVD. Although individuals with diabetes are at an increased risk for CVD and benefit from statin therapy, the risk of CVD in people with diabetes is heterogeneous. It therefore may be reasonable to match the intensity of statin therapy with patients' baseline CVD risk.
Primary prevention trials in diabetes
Current clinical practice is based on relatively few randomized, control trials. Among these studies [14] [15] [16] [17] [18] [19] [20] [21] [22] are the Heart Protection Study (HPS), 14 the Collaborative Atorvastatin Diabetes St udy (C A R DS), 15 t he A ng loScandinavian Cardiac Outcomes Lipid Lowering Arm (ASCOT-LLA), 16 the Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack (ALLHAT) study, 17 and the Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese (MEGA) trials. 18 All of these studies included a substantial portion of subjects with diabetes. A few key primary prevention trials are summarized in Table 1 .
The HPS provided initial evidence for the routine use of statin therapy in diabetes patients at risk for major CVD events. Patients with nonfasting total cholesterol > 135 mg/dl were randomized to 40 mg simvas- The CARDS trial enrolled patients with type 2 diabetes with at least one additional risk factor, including hypertension, retinopathy, proteinuria, or smoking. This trial randomized 2,838 patients to atorvastatin, 10 mg daily, versus placebo. Relative risk reductions by individual outcomes were 36% for acute coronary events, 31% for coronary revascularizations, and 48% for stroke. Treatment would be expected to prevent 37 major vascular events (MVEs) per 1,000 patients treated for 4 years. Compared to placebo, the absolute risk reduction with atorvastatin was similar in patients with LDL cholesterol concentrations > 120 or < 120 mg/dl (reduction from 9.5 to 6.1% vs. reduction from 8.5 to 3.6%). Like HPS, CARDS supported treatment of patients with type 2 diabetes and other CVD risks with statin therapy regardless of their baseline LDL cholesterol level.
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The MEGA trial 18 assigned 8,214 men and postmenopausal women with a total cholesterol of 220-270 mg/dl to receive diet therapy or diet plus pravastatin, 10-20 mg/day, over a mean of 5.3 years. Interestingly, the diabetes group had a nonsignificant reduction in events. However, in further analysis, 23 when authors included the "impaired fasting glucose" group and made a large group called "abnormal fasting glucose," the reduction in events became significant (HR 0.68, 95% CI 0.48-0.96) with a number needed to treat (NNT) of 42. These results may suggest that the relative benefits of statin therapy in an Asian population are similar to those seen in American and European populations.
The Steno-2 Study 24 showed that a multifactorial intervention (lipid-lowering therapy, aspirin, reninangiotensin inhibition, and tight glucose control) significantly reduced CVD mortality (HR 0.43, 95% CI 0.19-0.94) and events (0.41, 0.25-0.67) among 160 patients with type 2 diabetes and microalbuminuria over a mean of 7.8 years. This study demonstrated that early implementation of statin treatment as part of a multifaceted approach to risk reduction achieves large reductions in absolute risk and thus a lower NNT. This made primary prevention strategies incorporating statin therapy as part of a multifactorial approach in diabetes patients a key therapy in modern medicine.
The ASPEN trial 22 did not find a significant difference in composite CVD or CHD outcomes when atorvastatin, 10 mg, versus placebo was used in a population with type 2 diabetes over a mean of 4 years. The negative results may be related to the overall study design, the lower statin dose, the nature of the primary endpoint, and the protocol changes required because of changing treatment guidelines. Table 2 . [29] [30] [31] [32] [33] [34] [35] In diabetes patients with an acute coronary syndrome, the early initiation of aggressive statin treatment results in a favorable trend toward reduction of major CVD events with an NNT of 77 over a median of 2 years. 25 Additionally, intensive therapy to maintain an LDL cholesterol level < 70 mg/dl provides greater protection against recurrent major events than moderate lipid lowering. In the PROVE-IT TIMI 22 trial, 26 patients were randomized to 40 mg pravastatin or 80 mg atorvastatin after an ST segment elevation MI, a non-ST segment elevation MI, or high-risk unstable angina; 18% of the trial population had diabetes. The median LDL cholesterol level achieved during treatment was 95 mg/dl in the standard-dose pravastatin group and 62 mg/dl in the high-dose atorvastatin group (P < 0.001). Over a mean 24 months of follow-up, a 16% reduction in the HR in favor of atorvastatin in the entire cohort (P = 0.005) was observed with a nonsignificant 5.8% reduction in the diabetes subgroup.
Secondary prevention trials in diabetes
In the TNT (Treating to New Targets) trial, 27 1,501 patients with diabetes, stable CHD, and LDL cholesterol levels < 130 mg/dl were randomized to 10 or 80 mg atorvastatin and followed for a median of 4.9 years. A 25% reduction in rates of serious events was observed in the high-dose group (HR 0.75, 95% CI 0.58-0.97). This finding reinforced the benefit of intensive lipid lowering, even in patients with stable CHD.
I n the I DE A L trial, 28 8,888 patients with a history of acute MI were randomized to receive high-dose atorvastatin (80 mg) or usual-dose simvastatin (20 mg), and 12% of the patients in each arm had diabetes. A total of 10.4% of the simvastatin group had significant coronary events, as opposed to 9.3% in the atorvastatin group (HR 0.89, 95% CI 0.78-1.01). Nonfatal acute MI occurred in 7.2 and 6.0% in the two groups, respectively (HR 0.83, 95% CI 0.71-0.98). Although there was no statistical difference in outcomes between 20 mg simvastatin and 80 mg atorvastatin, this study cautiously concluded that patients who have had an MI may benefit from intensive lowering of LDL cholesterol without an increase in non-CVD mortality or other serious adverse reactions.
Meta-analyses of statin trials in diabetes
Several meta-analyses have clearly shown the benefits of statin therapy for either short-term (< 5 years) or long-term (> 10 years) cardiovascular outcomes in primary prevention. 36 These benefits not only apply to people at higher risk (> 10%) but also to the lower-risk population. 37 This argument is especially valid in people with diabetes. 38 In 2008, the Cholesterol Treatment Trialists (CTT) group 39 analyzed 14 trials to ascertain the effects of statins on patients with diabe-tes. Four primary prevention trials (HPS, ASCOT-LLA, CARDS, and ALLHAT-LLT; see Table 1 ) accounted for 14,996 (83%) of the 18,686 patients with diabetes. During a mean follow-up of 4.3 years, per 39 mg/dl lowering of LDL cholesterol, the proportional reduction in all-cause mortality was 9% (rate ratio 0.91, 99% CI 0.82-1.01). This outcome was primarily driven by a significant 21% reduction in vascular mortality (rate ratio 0.87, 99% CI 0.76-1.00) with no effect on nonvascular mortality (rate ratio 0.97, 99% CI 0.82-1.16). However, this study did not include major adverse events from microvascular complications (neuropathy or retinopathy) or metabolic disturbances (incidence of diabetic ketoacidosis or nonketotic hyperglycemia). The proportional effects of statins in people with diabetes with vascular disease (secondary prevention) or without vascular disease (primary prevention) were similar. After 5 years, 42 (95% CI 30-55) fewer people had MVEs per 1,000 among those considered to be at high risk (> 10%). A 2012 study 41 explored the net effects of statins in people at low risk of vascular events. In this analysis, 7% of subjects with diabetes had a risk of < 5%, and 10% of subjects with diabetes had risk of 5-10%. There were significant reductions in MVEs in both lower-risk groups (among the < 5% group, rate ratio 0.61, 99% CI 0.45-0.81); among the 5-10% group, rate ratio 0.66, 99% CI 0.57-0.77) over a median of 5 years.
A recent review 42 meticulously examined the patients with diabetes without known CVD in seven primary prevention trials. It showed that statin therapy was associated with a significant reduction of major CVD and cerebrovascular events (OR 0.79, 95% CI 0.66-0.95), but no statistical difference in all-cause mortality.
These three meta-analyses indicate that there likely are some benefits of treating even low-risk people with diabetes. Some experts have suggested that it may be important to revise guidelines to address the important population of patients at low to intermediate risk who could substantially benefit from statins.
In 2010, the CTT 43 also analyzed the effects of intensive versus standard statin regimens (five trials, 39,612 individuals, median follow-up 5.1 years) and of statin versus control (21 trials, 129,526 individuals, median follow-up 4.8 years). Fourteen percent of people in the more versus less intensive regimen and 19% of people in the statin versus control group had diabetes. Among diabetes patients, an intensive regimen was associated with significant reduction in CVD events compared to standard treatment in both type 1 (4.5 vs. 6.0%; rate ratio 0.77, 99% CI 0.58-1.01) and type 2 
documented CHD, the use of a higher-potency generic statin in lowering of LDL cholesterol to < 70 mg/dl appears to be both safe and efficacious. These benefits accrue without increasing noncoronary mortality. 44 It should be noted that a 2010 review 45 showed that there was no definite statistically significant difference in all-cause mortality across 11 primary prevention trials. In contrast to the 2008 analysis performed by the CTT, this review included the ASPEN trial, a negative clinical outcome trial in people with diabetes. Notably, this 2010 article did not examine nonfatal CVD or CHD outcomes. Because of methodological differences in the populations included and the statistical models, other recent meta-analyses 46, 47 do show a statistically significant decrease in total mortality with statin therapy in the primary prevention setting.
Non-LDL Targets of Statin Therapy in Diabetes
Although a 20-30% relative CVD reduction is impressive, this means that 70-80% of residual CVD risk persists despite statin treatment. 48 The residual risk in treated patients with diabetes can be attributed to a number of factors, some of which may be potentially related to lipoproteins, including apolipoprotein B (Apo-B) or LDL particle concentration, but the vast majority of the residual risk is likely related to nonlipid factors. Apo-B is considered the key atherogenic moiety. 49 In an analysis studying markers of CVD risk, Apo-B (risk ratio 1.43, 95% CI 1.35-1.51) outperformed non-HDL (1.34, 1.24-1.44), which outperformed LDL (1.25, 1.18-1.33).
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Patients with diabetes often have normal LDL levels but increased triglycerides, non-HDL cholesterol, and Apo-B, which may contribute to their high vascular risk despite largely normal LDL levels. 51 This suggests that the risk in those patients with elevated levels of LDL particles may be underestimated by solely measuring cholesterol levels, although routinely calculated LDL for guiding treatment is less accurate compared to direct measurement, especially in hypertriglyceridemia. 52 Apo-B or LDL particle concentration may be (Table 3) .
Approach to Statin Intensification, Statin Intolerance, and Patient Preference
When it is unclear whether a patient has CHD and might benefit from an LDL goal of < 70 mg/dl, one should assess whether there is potential benefit from statin intensification. Use of coronary artery calcium (CAC) may prove helpful in guiding the intensity of statin therapy in diabetes. CAC is related to ongoing disease burden 54 and is an independent predictor of CVD in diabetes. 55, 56 The absence of CAC remains associated with an excellent 7-year prognosis, whereas CAC > 100 portends a worse prognosis. 57 Prediction of CHD events in diabetes is improved by CAC compared to traditional risk factors (HR 6.2 vs. 2.9, P < 0.05). 58 In patients reporting side effects in association with statin therapy or hesitating to initiate therapy, CAC might be used to better quantify CVD risk and guide more informed risk-benefit discussions between patients and providers.
For example, based on a recent meta-analysis, 59 people with a CAC of < 10 are 6.8 times less likely to a have a CVD event. These patients do not meet conventional criteria for high risk or even intermediate risk, reinforcing the heterogeneity of risk in diabetes. At this time, a CAC score of 0 among individuals with diabetes may lead a provider to withhold aspirin therapy. 57 However, it should not lead to withholding of statin therapy based on the robust data at all levels of risk. 36 A less potent statin may be a reasonable choice for people with mild intolerance and those who would not prefer statin therapy because of low CAC scores.
Role of Statins in Diabetes With
Renal Disease Dyslipidemia is common in people with diabetes and chronic kidney disease (CKD). CVD events are a frequent cause of morbidity and mortality in this population. A 2009 review 60 showed that statins significantly reduce the risk of all-cause and CVD mortality in CKD patients who are not receiving renal replacement therapy. A 2011 trial 61 suggested that lowering LDL with statins reduces the risk of major atherosclerotic events in patients with moderate to severe kidney disease, including those with diabetes. Guidelines 62 recommend using statins to reduce the risk of major CVD events in patients with diabetes and CKD, including those who have received a kidney transplant. However, it is recommended that statins not be initiated in patients with diabetes who are already treated by dialysis, mainly because of a more than fivefold increased risk of hemorrhagic strokes in this population.
F r o m r e s e a r c h t o P r a c t i c e / F o u r o P P o r t u n i t i e s t o P r e v e n t D i a b e t e s a n D c o r o n a r y h e a r t D i s e a s e
Statins and Incident Diabetes Risk
Statin therapy is associated with an increase in the risk of hyperglycemia and diabetes. In one meta-analysis, statins were associated with a 9% increased risk (an absolute difference of about 0.4%) of developing diabetes. To cause a new case of diabetes, 255 patients would have to be treated for a mean of 4 years. 64 Compared to low-dose therapy, intensive therapy is associated with a 12% increase in risk of diabetes with a number needed to harm of 498 per year. 65 People > 65 years of age are more susceptible to this unwanted effect. 66 In a post hoc analysis of the Women's Health Initiative study, 67 statin treatment among postmenopausal women was associated with increased risk of diabetes (HR 1.48, 95% CI 1.38-1.59). A 2013 meta-analysis 68 showed that various types and doses of statins show different potential to increase the incidence of diabetes; more potent statin therapy increases the risk of statin-induced hyperglycemia.
The statin and diabetes link was investigated in the Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (J U PI T ER) study, which found a 27% increase in physician-reported, new-onset diabetes in patients receiving rosuvastatin.
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A 2012 analysis 70 of the trial showed that individuals with at least one diabetes risk factor were at higher risk of developing diabetes during the study. Overall, the time to diagnosis of diabetes was accelerated by 5.4 weeks in the rosuvastatin group. However, this trial has potential for reporting bias among the placebo arm. For example, it is possible that patients on statin therapy could have experienced more contact with their care providers because of unreported side effects from statins (e.g., myalgias), leading to earlier diagnosis of diabetes. 71 Statin therapy may accelerate the eventual expected rise of glucose values in people with multiple components of the metabolic syndrome. In the JUPITER study, 77% of participants had impaired fasting glucose, and a significant number of participants had metabolic syndrome and prediabetes (A1C > 5.7%) at baseline in the rosuvastatin arm. 66 In a review of three atorvastatin trials, 72 four risk factors independently predicted new-onset diabetes: fasting glucose > 100 mg/dl, triglycerides > 150 mg/dl, BMI > 30 kg/m 2 , and history of hypertension).
A recent study 73 examined the incidence of diabetes and CVD events according to these baseline risk factors. Compared to lower-dose therapy, atorvastatin, 80 mg/day, did not increase the incidence of diabetes in patients with none or one risk factor but did, by 24%, among patients with two to four risk factors. However, the number of CVD events was significantly reduced with atorvastatin, 80 mg/day, in both risk groups. Several analyses have shown that cardiovascular and mortality benefits of statin therapy exceed the diabetes risk, including in participants at high risk of developing diabetes.
66,70
From a clinical standpoint, there is no evidence that elevation in blood glucose while taking statins is associated with an increased risk of CVD events or that it attenuates the beneficial effects of the statin therapy. 70, 73 The evidence from individual clinical trials is mixed. Clinicians must interpret this information cautiously because many potentially confounding factors are involved. There is a lack of data for microvascular disease and glycemic control in patients with existing diabetes. All statin trials have been less than rigorous in terms of diagnosing diabetes. (Almost all relied on physician report or nontraditional means of diagnosis.) None of these trials was designed to look for diabetes. 71 Perhaps statin therapy uncovers diabetes only in people at risk for diabetes. Improved survival benefit with statins may allow more people at risk for diabetes to live long enough to actually develop and have it diagnosed, whereas those without statins may die before ever developing or being diagnosed with diabetes. 74 There is still no clear mechanism for the increased risk for diabetes. Although statin-prescribing practices should not change because of the modest diabetes risk, it is clear that patients being prescribed statins should be informed of their potential future diabetes risk, and this may provide added incentive to undertake sustained lifestyle changes. Following such advice could help to alleviate their diabetes risk and further reduce their CVD risk.
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Conclusions
There are clear benefits of statins as a class effect in patients with diabetes. In primary prevention, guidelines maintain that diabetes is often a CHD risk equivalent, and this strategy guides a generally aggressive approach to statin therapy. The benefits of statin therapy among individuals with diabetes and elevated CVD risk are clearly established.
Importantly, not all patients with diabetes have an identically elevated risk. Thus, additional risk stratification is an option to ensure identification of the highest-risk individuals who would benefit most from an aggressive primary prevention strategy. Advanced risk stratification, for example, with Table 4 . Key Clinical Practice Points
• Statins provide risk reduction in a wide range of patients with diabetes who either have established CVD or are at high risk of developing atherothrombosis.
• All patients with diabetes and established CHD should be prescribed a statin unless contraindicated.
• All diabetes patients who are at a higher risk of CVD should receive a statin regardless of their baseline lipid levels. Men > 50 years and women > 60 years who have diabetes and one other CVD risk factor should probably get a statin.
• The main goal of statin therapy is to achieve an LDL level of < 100 mg/dl and, ideally, < 70 mg/dl using higher-dose statins or 30-40% LDL reduction when earlier targets cannot be met with maximum tolerated therapy.
• Diabetes patients at apparent low to low-intermediate risk could be considered for further risk stratification, for example, with coronary artery calcium scoring.
• At every patient encounter, lifestyle modification should be addressed emphatically to help reduce the incident diabetes risk from statins as well as overall CVD risks.
CAC testing, can integrate risk factor information and potentially identify patients for earlier intervention. Such risk stratification also has a potential role in the clinical approach to statin intensification, statin intolerance, and patient reluctance to take statins. Most patients in randomized clinical trials have been 40-80 years of age and had similar reductions in CVD morbidity and mortality irrespective of sex, race, geographical location, or other CVD risk factors. The absolute benefit will vary based on patients' underlying risk.
Despite treatment with statins, a large burden of residual risk remains. Some degree of residual risk may be addressed by personalizing statin therapy through more accurate lipoprotein cholesterol assessment, using targets such as non-HDL, Apo-B, and LDL lipoprotein particle size. Nevertheless, residual risk may also be attributed to other risk factors. At this time, it is probably most cost-effective to strive for non-HDL targets with a potent generic statin.
Ultimately, careful risk-benefit analysis should guide the use of statin therapy. Regarding potential risks, there is evidence of mild hyperglycemia and a small risk of incident diabetes, particularly among patients with metabolic syndrome who are prescribed high-potency statins. However, pooled analyses from existing trials have demonstrated that the benefit accrued from statin therapy far outweighs the small potential risk of hyperglycemia or diabetes, particularly in those at the highest CVD risk. (Key clinical points are summarized in Table 4 F r o m r e s e a r c h t o P r a c t i c e / F o u r o P P o r t u n i t i e s t o P r e v e n t D i a b e t e s a n D c o r o n a r y h e a r t D i s e a s e cholesterolemic patients with impaired fasting glucose or diabetes: diabetes subanalysis of the Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese. Atherosclerosis 199: [455] [456] [457] [458] [459] [460] [461] [462] 2008 
